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ABSTRACT 


An enpineering model thruster fitted with a remotely actuated graphite fiber 
polyimide composite beam shield was tested in a 3- by 6. 3-meter vacuum facility 
for in-situ assessment of ix'am shield effects on thruster performance. Acceler- 
ator drain current neutralizer floating potential and ion beam Boating potential 
increased slightly when the shield was moved into position. A target exposed to 
the low density regions of the ion beam was used to map the boundaries of ener- 
getic fringe ions capable of sputtering. The particle efflux was evaluated by mea- 
surement of film deposits on cold, heated, bare, and enclosed glass slides. 


INTRODUCTION 

High specific impulse mercury ion tlmisters have long been consitlereil for 
application to various spacecraft, A recent study (refs. 1 ami 2) of ion thi*uater 
application to a 1000-kg geosynchronous communication satellite showcil net pay- 
load savings of up to 88 kg with a thi-ust subsystem i-eliability of 0.948. For 
5. 1 mN (1, 1 mlb) thrust level ion thrusters, other applications, such as a high- 
performance propulsion nuxlule for orbit maneuvers and ilrag makeup of sub- 
synchronous orbiting spacecraft, have also been identified (ref. 1). The study 
included experimental evaluation of thruster efflux ami interface requirements 
and discussed techniques to allow the integration of ion thrusters with spacecraft, 

A joint Air Force-NASA Bight experiment is .sclunluled for 1981 (ref. .3). In 
this Bight, two complete tlmist subsystems, and several diagnostic instruments, 
will be mounted on a spacecraft carrying two other major experiments with string- 
ent contamination re(|Uirements. 

To support this Bight experiment and provide a technology base for ground/ 
space data correlation, an on-going series of tests are being conducted at the 
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NASA Lewis Research Center with a beam -shielded engineerinjj model (KAR 
8-cm thmster powered by laboratory supplies. This report presents preliimn 
ary results of these tests. 

Tests have been performed to determine any effeets of the beam shield on 
thixister performanee mid to evaluate the characteristics ami potential impact 
of thruster efflux upon spacecraft systems. The data presented herein incluile 
current and potential measurements in the ion beam, the sputter erosion pat- 
tern due to energetic beam ions, and deposition effects of tliruster efflux. 1X‘- 
termination of thruster efflux in ground tests is inevitably affeeteil by test 
facility effects. The results, however, are inclined to be worst case results 
and viewed as such should add credence and confidence to Right experimental 
ilata. 


APPAitATUS AND PROCLDUIU: 

8-Cm Kngineering Model Thruster (I'M T) 

A photograph of the 8-cm KMT, including the gimbal mount ami beam shield, 
is shown in figure 1. IXdails of the thruster system are described in refer- 
ences -1 and 5. IX'sign features of specific interest to the present investigation 
incUule the Small Hole Accelerator Grid (Sll.AG) ion optics (compensated! . and 
the graphite fiber-polyimide composite beam shield. For this program, the beam 
shield was mounted on a remotely actuated hinge to permit movement in and out 
of jiosition while the thruster was running. The entire beam shield assembly 
was electrically isolated from the thruster to allow Roated or biased operation. 
'I'ypieal performance characteristics of the 8-em KMT and their variations 
among three production modules are documented and repH>rted in refei’enec's o and i>. 

Test Installation and Facility 

A view of the 8-cm KMT mountc'd on the end cap of the .’5- by (1. ri-nu'^.er 
vacuum facility is shown in figure 2. The thruster axis was !) cm lielow the 
facility centerline and the accelerator grid projected 55.(5 cm into the eylimlrieal 
|)ortion of the test chamlx'r. The thruster was thus aligned eonvenu'iUly i-elattvc' 
to existing access ports through which probes and efflux dc|)osition sample's \u«re 
inserted and retracted. 

The vacuum facility was ec|Uipped with six Sl-em diameter oil diffusion pump'' 
and associated ineehanieal pumps. A li(]uld nitrogen cooled ervowall extended o'er 
the full length of the vacuum facility and a similarly cooled target was loeati'd 
1 meters downstream of (he accelerator grid plane. Tank pressure with the 
tliruster operating at rateil i-onditions was between 1.5 ;uul 2.5x10 ' (on-. 
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Beam Diagnustles and Instrumentation 

A sehematle layout of the various tliruster efflux diagnostic t^iulpment and in- 
strumentation is shown in figure 3. t)nly selected instnimeiilation was used in any 
given test in order to avoid mutual contamination, interference, or shadowing. 

The U.Gl cm diameter molybdenum planar probe was located 38. 1 cm downstream 
of the accelerator grid plane and traversed in a horizontal line perpendicular to the 
thruster axis. 

De|K)sition plates numbered 1, 2, and 3 were 2- by 2- by 0.15-cm thick quartz 
glass slides enclosed in 2.5-1- by 2.51- by l.D-cm deep stainless steel boxes with 
a O.Gl- by 1.27- cm aperture located l.G cm from the slide. These samples were 
mounted on movable rods which permitted the insertion and retraction of • mples 
via vacuum isolation valves during tests. 

The arrays of encloseil and imcnclosed glass slides were mounted in a horizontal 
plane at a radius of 50 cm on either side of the thruster axis. The riglu bajik was 
Ijeatcd by a swageii co;t\ial healing element attached along a curved aluminum 
bracket. The glass slides were held in close contact with the heated brai ket and 
were at appi-oximately its temperature. Tlie left b;mk was unheated. Botli banks 
carried itientical sets of dejK>sition samples locateil acconiing to the schematic 
shown in figure 3. The enclosed slides and their enclosures were similar to those 
described above. These slides arc idcntificil by the single digit numbers in the 
E (for east and W do»’ 'vest) b:mks. 

Tlie unenclosed glass sliiies were 2.51- by 7.G- by 0. 1-cm tluck ami locateii 
at tile fonvard ends of the mounting brackets ami between the enclosures. Tliese 
slides are identified i\v two liigil numbers in the K ami W banks. 

The sputter targets were used at the axi:il locations imiicated in figure 3. .-Ml 
targets were 1.31 meter wiiie by 1.8 meter long by 0.025 mm (1 mil) thick mylar 
witli 150 aluminum coating on one side. The target for eacli test luui a central 
hole size to form the base of a 21)'’ cone with the apex located at the ai'celerator 
grill center. The target thus passed the higti density core of the ion beam and 
intercepted only the lower density fringe ions. To kcc[» the back nionaluminizcd) 
side of the target from collecting backsputtered tank wall material, a second 
sheet of mylar with a central hole 5 cm larger in diameter 'vas attaclicd but kept 
isolated from the aluminized i-oating of the target front. This allowed Uie mcasuri'- 
ment of ion current collected by the front face only. 


rhruster Power tiupplies and Instrumentation 


The 8-cm E'M thruster was fxiwercd by a GO hz laboratory console of the type 
described in reference 7. rhe cathode vaiH)rizer How was automatically controlled 
to a set-|x)int voltage difference between the cathode keeper :uul ion chamber anode. 
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Neutralizer flow rate was manually controlled by maintaining a constant vaporizer 
tcmpeialure. The mercury flow rate to each vaporizer was measured with a 
0.5 mm bore capillary tube flow meter. All thruster variables were held at the 
nominal EM thruster values specified in reference 5. 

The laboratory console panel meters were the primary monitors for each 
thruster variable. In addition, an elglit- channel strip chart recorder was used for 
continuous recording of selected parameters, llx' beam shield [lotential was 
measured by a digital voltmeter having an input impedance of 10 megohms and 
isolated from the 115-V ac line by :m isolation transformer. Hearn sliield tem- 
peratures at the tip and base weiv monitored with iron-constimtan thermocouples 
iuui an isolated two-ch:mnel strip chart recorder. 

Cathode preheating, startup, ami operating pixjcedures were in ai-cordance 
with those currently established :uid used for all 8-cm EM thrusters. SfH'cial 
o|)crational or test procedures used in diagnostic evaluations are dcscribcil in 
conjiUH’tion with the Hesults ;uid Discussion. 


HEai'LTS AND DISCUSSION 


Effects of Hearn Sliicid 


The beam shield was found to have only minor impact on thruster operation. 

.As noted in Apparatus and Procedure, the movable beam shield provided in situ 
evaluation of its effects. A transient recording of six thruster variables on a 
movement of I mm/sec time scale is shown in figure 1. Phe appropriate scale 
factors for each channel variable and the |)oinl of shield movement are indicated. 
Figure Ita) shows tlic transient from sliiehi-in to shielH-out |X)sitions. Within 
1 serond of shield movement, the accelerator drain current dei’reascd 0.015 m.A 
and tlie neutralizer floating |K)tential became less negative about 1.5 \’. .Ml other 
variables remained constant. The perturbations in the cathode and neutralizer 
keeper voltages were r:uuiom shifts in the hollow catliodc current- voltage character- 
istics. 


A transient recording of thruster variables during shield-out to shicIiUn 
movement is shown in figure 1(b). As expci-tcd the aci-elcrator drain laii'i'cnt ami 
neutralizer floating |H)tcntial returned to tlieir original values. The elapseii time 
between the two sKiuenccs was 0 minutes. 

Tlic beam shiclil was mcelianii’ally sup|H)i-ti>il but electrically isolatiMl fi-om 
the thruster ground si reen. I’lu' effects of varying tlie sliiehi |H)tential relative 
t») faiulity grouml ai'c shown in figui’c 5. In figure 5(a) the net |H)sitive ion l UiTi'nt 
collected by the shield was zero at the floating |H)tentiaI of -tJ.5 V ivlative to 
ground, lliglier negative bias voltages im*rea.^ed the I’ollei teil i-uri'cnt only slightl\ 


to a t>atu ration value of about 0. 5 mA. 

Increablnjj the bias voltage positively above floating potential eolleeted in- 
ereasingly large eleeti*on eurrent at the shield. The voltage eurrent eurve liad 
the shape e.xpeeted from Langmuir probe theory. 

As shown in figure 5(b), inereasing negative bias had little effeet u|H>n the 
neutralizer fxitential. 1 ositive bias, however, drove the neutralizer floating 
potential closer to ground. It should be recalled from Uie tr.ansient recordings of 
figure 1 that the presence of the beam shield increased the neutralizer floating 
(xitential 1.5 V negatively from ground. A positive shield bias thus tendeii to 
restore the neutralizer floating |xitential to a no- shield state. 

An e.xamination of shield effects upon the ion exhaust beam was made by 
obtaining beam profiles with the planar probe biased 15 \' negative with resjK’ct 
to ground. The profiles taken normal to the thruster itxis in rapiil succession with 
shichl-out ;uul shieUl-in arc shown in figure G. The beam center was taken to be 
the point at which a idearly licfined peak was obtained with the shield in. The 
probe |X)sition imiicator reading corres|H)miing to this jx'ak in current was theri'- 
aftcr used as the beam center position. With the shicUf-in, the beam profile 
was slightly broadened and the peak current at the center was reduced. The 
neutralizer, and hence the beam sliicld, was located to the left of center in fig- 
ure G. No obvious assymetry was intixnluced by the presence of the shield. It 
shoulii be |R)inteil out that the beam was liighly peaked ami attcnuateil to less than 
5 percent of peak value at 15 cm radius wliich corres|x)nds to an angle of about 
21.5*^. Inasmuch as no range changing was used in the current measurement, 
resolution was [Kior at radii beyond 20 cm which I'orrcsjxinils to an angle of 27. 5^^. 

A ray drawn at tliis :uigie from the accelerator grid center did not intercept 
the beam shiehl tip, tluis registering no measurable ilifferi*ncc in beam [irofilc 
symmetry. 

The floating |)otential profile across tlu* c.xhaust beam was obtaincil liy isi>- 
lating the planar probe with a liiffcrcntial input amplifier having an input impcdaiu-c 
of 100 megohms. I’otential profiles were taken with shield in ami out for two 
neutralizer conditions. T!u> profile shown in figure 7 was obtained when tlic 
neutralizer was in a normal o|ierating mode. Tlie peak jwtential was about S and 
1.5 \’ above grouiul witli the shiehl in and out, respectively. With the sliichl in. 
the total |H)tential difference between tlic neutralizer and tlic beam ecnici wa‘i in- 
creased by virtue of the rise in beam floating ixitcntial and the decrease in nculralizer 
floating |X)tential. 

'I’he profile obtained during |x)or beam neutralization caused by reducing 
neutralizer keeper i-urrent to off-noi'iiial values is sliown in figure S. The peak 
v:ilue of beam lloating |x>tential was three times highei' tlian normal, and tlic 
ilifferenee between sliiehi-in and shield-out ixitenlials was much gi-eater. 'I'lu* 
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effects of beam shield on beam potential weic seen to be accentuated when neu- 
tralization was poor. In both instances, the presence of ‘he shield appears to 
have broadened the potential profile, an effect also noticed with the ion beani 
current density profile. 

The effect of floating or grounding the beam shield electrically is shown in 
figure 9. The neutralizer operated in the normal mode. No significant differenco 
was observed in the beam region except that a grounded shield brou^t the potential 
profile closer to ground potential both at the positive peak and the negative wings. 

Distribution Pattern of Fringe Ions 

One of the spacecraft- thruster interfaces of concern is the distribution pattern 
of ion along the beam edge capable of sputter erosion. Current density profiles 
have been obtained, usually along a beam diameter, but a full t\vo- dimensional 
pattern is of considerable interest. One method of obtaining a qualitative definition 
of the beam boundary is to sputter- erode a target of uniformly coated aluminum 
film. The relative amounts of erosion in different areas produced over a given 
length of time is indicative of current density. The size of erosion patterns ob- 
tained on targets at different axial distances permits an estimate of beam diver- 
gence. Finally, the ultimate size of a pattern after a long test could define the 
limiting radial distances at which sputter erosion occurs. 

To correlate the tai’get pattern with the ion source, a close-up view of the 
accelerator grid is shown in figure lU. Because the beam holes are located on 
the vertices of equilateral triangles, the smallest angle of symmetry is 30°. For 
ease of visulaization, the a.xcs of symmetry were chosen to be 60° apart drawn 
from the grid center to the middle of seven holes in line along the side of a hexa- 
gon. The boundai'y of holes idealized with straigiit line segments is nevertheless 
complc.x. consisting of seven segments. This idealized boundary will be used 
to examine the erosion pattern sputtered on targets at two locations. 

The erosion pattern obtained at a target dist;mce of 50 cm after 11 hours of 
thruster operation is shown in figure 11 (back-lighted photograph). The central 
hole was 26 cm in diameter which passed approximately 50 m.A of beam current 
integrated from the beam profile assuming axial symmetry. The collected target 
current measured when the aluminized surface was imiform was 23 mA. This 
value agrees closely with the difference between the total beam current of 72 niA 
and the integrated current passing through the central hole. 

The darker rim around the central hole was the area ex|)osed by llie back 
cover sheet, hence subject to backsputter deposition from the facility walls. The 
ligliler mid- region was completely clear on both sides of the mylar sheet, the 
front aluminized coating having been completelv sputtered away and the back 
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side protected from backsputtered material. The variegated islands around the 
periphery were areas at various states of sputter erosion. Wliere beam density 
was high, the islands vere almost clear. Other regions appeared as small iso- 
lated spots. 

The dcgi’cc of erosion along a radial line did not decrease motonically. It 
appears that some of the outer beamlets were sufficiently divergent to leave an 
unsputtered border between the mid- region and the islands. This interpretation 
is supported by the photograph in figure 10 which shows some of the outer beam 
holes notched on the outside edge, possibly by divergent ion. More recent exam- 
ination of the accelerator grid has shown erosion on these outside edges, indicating 
persistent diverging of these beamlets. These divergent ions may also account 
fo.- the broad wings in the otherwise peaked beam profile shown in figure 6. 

The idealized beam hole boundary consisting seven line segments is drawn 
to an arbitiarv scale in figure 11. To approximate the beam expansion boundary, 
it was assumed ti.at each of thcboiuidary holes is a point source of ions diverging 
at some conical half- angle, /^. The most radially outward ray from a given beam 
hole will be located in a radial plane passing through the beam hole. The radius at 
which the ray interrupts a target located at distance, L. from the grid plane is 
L tan + r, where r is tlic radial location of the beam hole on the gi'id. Because 
L tan /J is a constant for all edge beam holes, the expanded beam boundary on the 
target can be drawn |X)int by point from the idealized beam hole boundary a constant 
radial distance along the radial line passing through each point. The expanded 
beam boundary for li = 30° is shown in figure 11. The sputter erosion pattern 
shows some correspondence to the expanded beam boundary and indicates a /J angle 
between 30° and 35°. Less precise but simpler circular boundaries corresponding 
tc' assumed half angles of 30° and 35° from the thruster axis arc also shown in fig- 
ure 11. These angles when compared to the calculated angles shown in figure 0 
indicate that sputtering ions may have existed beyond the resolution limit of the 
measured beam profile. 

The erosion pattern obtained at a target distance of 97.8 cm after 78 hours 
of operatien is shown in figure 12. IX'tails around the central hole and the clear 
mid- region were similar to the 50 cm target of figure 11. Because of the dis- 
tance and the long duration, the sputtered islands had coalesced. Some dark 
border regions between the i-ompletely sputtered mid-re^,ion iuul the ouU'r rim 
remained as unsputtered aluminized coaling. The two large isolated spots in 
the lower left corner of the target arc believed to be mercury corrosion of the 
aluminum coatmg after exposure to atmosphere. 

The erosion pattern was wider than the target material. Kxpjuidcd beam 
boundaries cor res landing to (J angles of 30° and 35° have been supeipotii'd 
on the pattern. Also shown are the simplified eireulai' boiuularies. In both the 
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50 ;md 07.8 K'\\\ lar^i'ls llu> bouiularv ol rroaioii appears to lu> Uu atoil at radii 
oom-s,K.ndinK to ajinlo« botwoon :15‘’ and 10^’ fmm tl,o tbnistiM- axis. 

A horizontal on)ss- soot ion sohomatu- llimi.nh tho tlnuslor :uui noutralizor 
:l\os is slumn in lijrnro 15. Tho boam shiohl. spnttor tar^iots. ;md a si-alod plot 
of tho boam profilo moasurod in this piano aro iiu ludod. Tlio oixisi.m boundarios 
obtainod on tho tarj;ots aro imhoatod with thoir rospootivo diamotors tabulatoil it 
Uioir axial distmioos. On tho boam sldold sido. a ray drawn from tho oiitormost 
boam holo to tho orosion boundarios appoars to intoroopt tho boam shiold. It is 
also ovidont that this ray to tho orosion boundarios pass thrmi>rh rogions of tho 
boam profilo wlioro ourront moasuromont vliil not liavo aiU-|ualo rosolution. 

•nio oauso of ilioso oi-osion boundarv anomalios aro not i loarly known. It 
IS obvious that oonsidorablo oporating timo is rtHiuiroiI to sputtor through tho 
aluimnizod ooaling wlion tlio inoidont tlux donsity is low. riu- tip of tho lu-am 
shiold mtorooptoil a 28^’ angh ray Inmi tlio outormost boam holo in tho horizontal 
Idano. nio urn souroo was a l\u>- dimonsional souivo whonxis tlio boam shiold 
iMd a tunoatod i-ylindrii-al pmfilo v.ith ilu> poak hoight only in tho horizontal 

pl;uio. It is also imssiblo that somo bonding ol tho ion trajootory oiaurs aftor 
passing tho boam shiold. 


t onlamiiuuil lU'|Hisition 

I’lu.tographs of tho L’ I oontaminanl iloposition samplos aro shown in figuro 11 
I’o prosorvo tho rolativo ordor of phu-omoni as laid out in figuro 5. tho slidos 
Irom oaoh bank aro groupoil in pairs of two glass am. two i|uartz samplos I'ig- 
uro I Ua) shows glass slidos. \Vl 1 and \Vi2 altornatod u.th .,uarlz sudos \V1 and 
WJ on tho lott bank ami thoir symmolrioal oountorparls on tho right. 

l lu> irrognlar dark s|h.| in tho oontor of oaoh glass slido was tho oomont usod 
to laston a mounting ohp. Pho dark bordors along tho top o| tlu- glass slidos 
woro oausod In baoksputtorod do|H.siiion on tho baok ol tho slido. To aid in tho 
intorprolation of tho d.•|H.sition pattorn. tho xarious rogions markod with 
mmibors on sampio K12. for oxamplo will bo oxaminod. Hogion I was maskod 
•n Iront and oovorod in tho baok In ,h.. m,p,hm I braokot. lu-noo oloar ol am do,.>s„s 
I ho rolativo amount ..f baoksputtorod matorial oan bo soon from ivgion •> wbioh 
v'as masko.l on tlu* front but ox.H.sc.d m tho baok. cMmorsoly. rogion :t uas maskod 
on tho baok :uul ox|H.sod in tho fn.nt thus showing onlv tho front ilo|H»sit. 

Uogion I was oxiH.sod front and baok. thus oollootmg baoksputtorod ...,11 
matorial on tho baok and thrustor cdllux on tho front llog.on r, nas ooxorod on 
Iho baok In tho sup,H.. t braokot thus slum mg only tlu- front do|H.sit. .A partioular 
b'aturo not touml in otiu'r slidos oan bo soon m slido T12. Pho li>lt 1 1 ,.| ihis 
shdo nas idoar but tho romaining longih oollo.-tod d,«|H.sit. I••f^ux ln>m tho 
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thruster was arriving over the full length of the slide, but a competing process of 
sputtering by energetic ions occurred at a rate sufficient to cause no net deposi- 
tion. This effect has been discussed in reference 2 and also observed experi- 
mentally in the investigation of reference 8. A more detailed analysis of this slide 
in subsequent paragraplis will quantify liglit transmittance as a function of |X)sition. 

Other slides can be interpreted similarly. Slides Ell and Wll were free of 
deposits on the front because of sputtering. All other W slides were also deposit- 
free on the front because of the umbra of the beam shield. The dark border along 
the top of those slides at smaller angles from the thruster axis was backsputtei'ed 
wi.!i material. At larger angles, the amount of backsputtered deposits decreased 
bcc'ii'sc of the diminishing view factor presented to the rear tank wall. All en- 
closed slides, W1 to W6, were free of deposits because of the beam shield and 
cnci'osure shielding from the rear lank wall. 

Varying amounts of front and back face deposits can be seen on the unenclosed 
slides. Ell to EIG. The enclosed slides show a range of front face deposition 
only bcc.ausc they look radially into the thruster accelerator. No visible deposits 
existed on either slide EG or WG which weix? located in the back hemisphere. As 
noted in Apparatus and Procedure, the right bank was heated to about 20° C and 
the left bank reached equilibrium temperatures of the order of -.10° C. From 
visual inspection, there was no apparent difference in dcfxisit characteristics 
attributable to the difference in slide temperatures. 

De|X)sition sample '12 was analyzed for total transmittance of light using a 
Joyce- Loeblc Automatic Integrating Microdensitometer. This densitometer was 
a doublobeam null-balance type with a measuring aperture size of 1/50 by 1/50 
microns. The light source was a tungsten lamp with a detector similar in spectral 
res|X)nse to a 1-I’28 photomultiplier. The results of the density measurements 
converted to total transmittance relative to a known clear region of the sample 
is shown in figure 15. The circled numerals indicate the regions of the sample 
with various types of ex|K)sure to the vacuum facility environment. The densi- 
tometer scans were made along the broken lines marked AA and BB. The rt*- 
sulting transmittance profiles are labeled A and B, respectively, as a function of 
angle from the thruster a.xis. Because it is relative to clear gl.ass. the trans- 
mittance value is for the dc|X)sit itself. A later analysis will show the spectral 
transmittance of the glass itself 

The region near the vertical axis X-X is of special interest. As discussed 
previously, the left end of this slide was free of deixisit because of the scruhlnng 
action on the front and the mounting bracket on the back. The transmittam-e along 
A-A was indeed lUii |x*rcent here. The angular fxjsilion of a.\is X-.\ where trans- 
mittance decreased was aliout .19°. The sputter target of figure 11 also shows 
that Uie boiuidary of erosion was slightly less than 10°. 
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The front- maaked region 1 alao had 100 poreent transmittanee. Phe A- A 
ami ll-H seana should be ciiual at ajinular fK)sitions from about 11^’ to 15^’ beeause 
of identieal <'xpt)sure eonditions. namely fixmt face only. Their transmittanee 
agreed to within 4 pereent. Tl\e tr:uismittanee profile of the deposit on quartz 
sample K2 is shown in figure 10. .-\s expeeted, lr:msmittanee was essentially 

100 pereent exeept at the de{x)sit where it was 80 pereent as seen previously on 
glass slide K12. The size of the iie|X)sit was 0. 5 by l.Il em. Tlie a|x'iiure of 
the sliile enelosure was 0.0 by 1.25 em, thus bidieating tl^at the trajeetories of 
detx)sited efflux were essentially parallel. 

The total tr;uismitt:uiee profile of sample KIO is sliown in figure 17. l.oeated 
at yo^ from the tlmister ;L\is. the slide was siibjeet to baeksputtered deposition 
on both tile front ami baek siirfaees. 'Tlie pliuie of the siiiie was essentially 
parallel to the thruster axis, but beeause the baekspiitt»’r souree at the rear 
tank wall was large, a finite view faetor exisleii between it :uul tlie slide faees. 

The view faetor was further nuuiified by the shallowing effeet of tlie adjaeent 
slide enelosio’e. 

tk an A- A showed tliat a small amount of de|X)sition oeeiirred on the front 
faee in the baek hemisphere, tiuis redueing tr;uismitt;uiee by almost 10 pereent. 
.Analysis of enelosed quartz sliiles K5 ;uul KO. not shown here, showed no 
visible deposit and 100 jx'ivent transmittanee whieh tends to eonfirm that the 
de|X)sit on slide EiO was baekspultereil wall material. 

ivan It-H showed almost the same tr:insmitt:mee profile as A- A. The al>- 
senee of .uiy ehange in region :1 wliieh was masked on the baek surfaee. also shows 
that the de^xisits were on the front faee only. 

Tlie tr;msmitt:uiee profile of sample WTO is sliown in figure 18. Both se;uis 
yielded firaetieally identieal results. Tlie ile|x)sits wen* elearly on the front faee 
only and adjaeent enelosed quartz slides. \V5 :uul WO. showed 100 pereent trans- 
mitlanee. 

The s|x'etral transmittanee of quartz and glass slides were obtained with a 
t'ary Model 1 1 Iteeording 8peetropliotometer . .Analyses were made over a wavi'length 
band of :i:U»o to 12 000 ,\ whieh is tlie range of interest for silieon solai' eells. 

The triuismittmiee pinfiles for seveial slides are sliown in figure 10. The 
broken lines are for eleaii quartz ;uul glass slides. The nominal transmittanee 
of these slides are 02 pereent beeause of :ui approximately I pereent loss pei’ 
faee due to refleetion ;uid relraetion. ‘The t riuismittiuiee loss of ultraviolet in 
glass was eli'arlv eviik'iit below 1000 ,\, whereas the loss in quartz was negligible. 

Beeause of the relative eomplexity of s|X'etral mialysis. only seleeted sites 
of interest were examined in samples K2 and 1’12 loi- this prelimijiary pi’esentation. 

•As indieated in figures 15 ;uul H». T'12- region 5 was a front faee de|>osil at about 
10.5^* fiimi the thruster axis. Kegion .I oi slidi* K2 was hu-ated at about 
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Hoili lr:uismltl;uu’o profiles were nearly ideiUieal at ll>e lonner waveli'iijiths. All 
pn>flles were refereneeil to 100 |)eri’enl transniittanee so that the loss due to 
the effliLX de|H>sit is the differenee between tlie ele;ui slide and the sample. As 
expeeteil. the »lejK*sits on both slitles eauseil alKuit the same amount of loss 
beeause of their similar ilensity and iomiH>sition. Ihe dejH»sits eauseil inereasmuly 
larnor losses at shorter wavelengths. Below alK)ut :1750 A. tlie loss ilue to the 
de|x>sit on glass was diffieult to assv*ss beeause of the filti'ring effeet of the glass 
itself. 


('ONVIISIONS 

An S-em engineering nunlel mereury ion thruster fitteil with a movable beam 
shielil was testeil in eonjunetion with varii*us einux iliagiiostii- measuieim nts. 

Ihe beam shiebl had little effeet on thruster i»pei-atii>n. Mi>\ing th*’ bi-ain shieKl 
into |H>sition during thruster operation mereasei' the aei elerator drain eurn'iit 
10 pei eent and inereaseil the neutrali/er Hoaling |X)tential I . \' negatneh with 
respeet to faeility gnnind. Ion beam Iloating jxttential inereased about :i. .I \' at 
the beam i-enti'iline with normal neutrali/ei- i>peration. 

I’he b nindaries of energetie boam ions mappeil by s|xittering a ir>0 \ aluminum 
lilm shoWi'il peripheral irregularitii‘s and the pri'senee i>f I’liergetii' ii>ns at angles 
up to almost lo‘* from the thrusti'r axis. 

I'neneloseil glass slides were useil to monitor ileix>sits of sputteri'il effiux 
in>m the thnisti'r. rneu>sed slides wvii* frt*e of baeksputtereil material ami alst' 
i’learl> slu>wetl the euoi tiveness of thi* beam shield against sputtered nu'tal I'lflux. 
Mu* altseiU'i* id de|x>sits i>n I'lU'losi’d slidi's at ;uigles ol S.V' and gri'ati'i’, i*\i*n i>n 
the side not proteeted b\ the beam shield, indieated no metal efOux in those 
ri’gions. 
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Figure 3. - ScheiTialic layout of elllux diagnostics instrumentation. All 
dimensions in centimeters. 
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C-?8-9<)5 

(a) DEPOSITION SAMPLES LOCATED BETWEEN 25 AND « DECREES FROM THRUSTER AXIS. 
Figure 14. - Elllu* deposition samples. 
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(bl DEPOSITION SAMPLES LOCATED BETWEEN 49 AND 73 DEGREES. 

Fiqure 14. - Continued. 



(C) DEPOSITION SAMPLES LOCATED BETWEEN 73 AND 97 DECRJS. 
Fiqiirp 14. - Concluded, 
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Figure 17, - Total transmittance profile of deposition 
simple E16. 
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Figure 18. - Total transmittance profile of deposition 
sample W16. 
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Figure 19. - Spectral transmittance of deposition samples 


